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Title of the Invention : 

Method for forming regular silicon quantum dots and method for manufacturing 
superfine semiconductor device using the same 

Abstract : 

At present, semiconductor devices having a source, drain, and simple gate structure 
used in manufacturing a semiconductor, are estimated to have the technical limitation of a design 
rule of about 0.07 pm, and thus, the development of a new technology for semiconductor having 
over tera bit storage is very required. Recently, the operation of a semiconductor device can be 
performed with only several electrons by inserting quantum dots between gate oxide and a gate 
electrode, and a possibility that the semiconductor device, can operate with only a single electron, 
is ascertained, and thus, this field has been much interested. A technique of forming quantum ' 
dots having monocrystalline characteristics and a technique of forming fine and uniform 



quantum dots at regular intervals are important in order to manufacture a nano device using these 
quantum dots. 

The present invention relates to a method for forming silicon quantum dots to 
manufacture a next-generation nano device and provides a method of forming fine and uniform 
silicon quantum dots at regular intervals while having silicon monocrystalline characteristics 
through an Si PPT technique. The present invention also provides a method for manufacturing 
a semiconductor nano device using the method for forming silicon quantum dots. 
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(19) CHeoj^s^^( KR ) 
(12) 5)BSe|gfi(A) 

(51) Int. CI." (ID SMS!* ^1999-0052177 
H01L 21/203 (43) jjJHgg 1999^07^05^ 

(21) SaeiS 10-1397-0071625 

(22) aagx> 1997a 12a 22a 

(71) SS2! *^SX1#ij3?SI 

D)2If2?AJ Sg^ 1612X1 

(72) ©SXr «!SEH 

aisiraAi ss^ oiss fc^oiOM 129s 7082 

CHSSS1AI d«S tMOHDS HQS 1062 

CHS©25AJ gg<? dSS StgOHHM 108§ 4042 

ass 

EHSSeiAl S3? (HSS tttSOH&E 1075 17043: 

(74) aae! asa. oiaei 

(54) gggg flag gaa gaga gg nm ate ^oun gsa ±a ggga 

«n, &s.n siioi »8Eia a= Eaa a 3s «oim ?£2i ms.n ixm 

0.07» SSMAI 7|fiB| tJTSOl S?SS 22£ WSEIH 2101. a£Ktera)2 OI^Sl B^SESS iXr© 9\t! 
d?lfi WSOI §3*1 fi^EIIl 21Q. 32 «0|M tf*r2t2|- TflOlM S^AWIOfi grass ^SAia^S 

)3 a ! swes ass ^xra sm, ^e^ss ijh°i swse ±»§ ^isais 

4= »= ? r ssoi sreia * oi mows ait!- S£oi an useiji sid. 27121 smss oi§t> 

5* X|2*g 9itlM= 3S3SS Sfe S*rB JrSWfl 4= 2!= Dl/iSUl 

28ltt 2OT3§ 3*1*1°! Z>2|2£ «« ?rfeSM » 4 Sm 7IS0I SflSHQ. 

e was xmjch ubc^Tj ass *iej- aas £/Xra(quantm dot) «g a^icn 22s, si ppt 

7IS0I S)«| 452) SSSSS SrSAJ OIASSIH ^35 3*HSS 3*13 

8! «3W 4 2!= 7ISS HSSrHXr *M>. £E# #7|2| g&S SXrS ««»«S 0ISSW1 

&zn uit^Tas asrcm »be »aiskhx) ttu. 

QMS 

S. 12| (a) LHXJ (dm S BT9W 2|» 3*132! Z.«?2| fcgiraS M°! 

£ 22| («) LHXJ (c)S S »SM 2|# mSLH UiiXr «S»BS S9J 5SE. 

10 : tfflS 7l5(St-sub) 12 : iTS)e«Si oxide) 

13 : Al-Si alloy «^ 16 : «E|? SfX>S(Si quantum dot) 

20 : 335 7l5(Sl-sdb) 

21 : n+ S= P» i2^/ESI2!(n* or p* source/drain) 

22 : g« i+S^(tumel oxide) 

24 : i« iraaKcontrol oxide) 

25 : 7101 M 2^ (gate electrode) 

26 : tiEI£ SWS(Si quant* dot) 
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27 : HE d+4P*(f leld oxide) 

28 : #2^ §°35, v (interlayer dielectric) 

29 : = (metal) 31 : 015 ^gJ(ion implantation) 
32 : Oh±3 (mask) 

S *WCH Uki» Sltf 4' El ? ?Wr3 (quantus dot) «g &>g0| Sfcr 2*3. Si PPT 

(precipitation) 713011 2|S| ga2 93S 422J gSHSM &E§ Sr9AI DIAHSrll 332 

* 2J2 7133 fllSSrHW «D. 

E& #7121 6135 gf»S OlgoKM fiJESH U±±ftg «l^r= SBE J3IAISr3tt tid. 

aa. asm a-gflu 2*2 Eai°j a tioim ^221 ^eh ±#2. 3*^*1 

0.07« SEOHAJ 7133 t.r»M ¥33 21££ WS93 21CH, B3(tera)3 0I#2| &Eii ±»g *m 

ii^is wmo\ rngtn a^an siq. as thoie noi*. u^mm sf»as saxiij^f 

A1 58 SWSE »E«I ±W2| 3*33 7rS*r7« *Kfl, 1^2) 2W3E ■ 

gJXl^a; single-electron transistor)© SrSAIH 4* »2 7f£S0l *r2!S * 01 MOWS Qm 5+^01 
371 HigiL 21Q. 

^isi sots 3 oi«£t ut^w ?i*hai2 bs§3 as§ss #2 sots sss 7H&s r 7i 
3 ^ stfe 7i3a DiAflsm aatt sots *«s 7*s*w if * as 71301 sasha. 01 &om ch 

tt 333 7I3S 3^3IQ(lithography)3 OlSSKfl ?OTS« »E2 SrtSB Sift 3«rAI 332 HI* 

3 ara 3*rAi?i2 212s 332 sotss «s«mw *K2 am sot 21a. ssa^?s= 

333 3S» SOTSS 0ISV 9SXr MSTqiHU SOTS MOW §3 »3f0| AIEH3 21 

Q. 

2 3321 sots «a»eis eas as^«3 #E3 craAi, saim umt>\n 2St> 3321 

6!32 SOTSS ^*SS2S 333 4 212 7133 JS33rHXr «f= 2!0ID. 

Ssllw I 212, lOnax 10nm2 0IS r 2| ^OIAI S ^£15 °J»gl ^*JSJ2J Z!^°S SS 

» 4= 2iQ. 

* u a^ss okm» srsl. IW21 *ai sss s i si s 201 uewisio. 
fiiej^ uirsa^sr sssiae s. 121 (a). (t». (o. (djos eajs UrS^eroi, 

tfSIS 7IS(I0)2| geiS i+»Sr(12)» «8»H2, <^»SK12)2| ^¥01 Al-Si E«» 018 

?r ^IHHSSS Ai-SI tt3(13) «• S*ttCK£ 121 (a)). 

0r±3(32)« Ar8*HM Ai-SI 4rg(13) g2| *3 ««0| OIS^BOD «0(S 1S| (b)). 1| 

S *1»0S ^aSOl OISS&S Al-Si tt3(13)«S RTA(Rapid Thenal Anneal ing)U, S(fumace)* Af 
So-HM 150-550-cS B»a «rS VSftLHM 85EIOI Stfe Si 3*3°) HiSS S)V «I33 3 25 

£S oia siae ass(i6)oi ««scke 121 (c)). 

«3EI= 0IAI SSa(16)2| 371 S SSf t^(13)32| =W % 0IS58S ^32 

a»a ss. ai^ a sa sss 2a 7rS*Mi aa. 

ttrS(13)SUI(HI 01 « 6132 330(16)3 ^ £2 a^^^SS^S AlS^BS fl718M2 

3a^S3 *«W 4 2171 SD(S 121 (d)). 

S W«2| Q2 filAIOISAJ. &?\ Al-Si «S(13)ft WdM Cu-Si § Si PPT7IB0I 8J8 IVsQ Si-^3 
713 0IS« *E 2iQ. 

^7ia 6!32 Uk3a^3 «S»a& 0IS« Uit±7J «S««IS £ 221 (a), (b). (c)M £ 
AjSJCH 55' §32 712(20) 3E tf»^(27)3 SSeroi ^7J29?3 SaiSrll. 3 iWSetlHOI 
n* a p*2| i£i/EM2!(2h source/dralnp S3*HL 3 i£^/Eai°](21) 3^1 a ffly9e|2| # 
¥01 SB ir£m(22. tunnel oxide)3 ««i.O(E 22| (a)). 
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neia. n ea tt»sK22)2i ^os 4^1 £ 121 sais ss^s ui3Bi^&(26)(^ei= § 

SS)§ ^SlCKta <b)) 3 SI SIS Ui35liS(26) 2fgS 6r7|2| £ 101 2|71*t 6135 

Ui3a^W ia«K>fl 4=t!£JO. CB7IAJ. ±2±/Ea°H21 ) 

aSS(26)S 01$ SSE+780IAI 7BOIM 33 ^ 12) SgOflXl 7J232S HTtSQ. 

Ol*0il£ ££12 LHl3E|£BT(26) £r*?0(l 2§ 3»2>(24, control oxide) Si TflOIS 3^(25. gate 
electrode)! SSS*KH, 3 SIM 3232S ft 3- §3^(28)1 £71 i 2i/Eci S>(21 )2J 2 

3«*(29)# «£8KH iOIAJ etStfl ±XW a^rSICKS 2 (c)). #71 §£ 3»2K2?. field 
oxide), 5^§S^(28, interlayer dielectric). 3«%(29. metal) 5§S CM0SSS2I- §SJoh 

a. 

UEf2 01 #21 iXH UiniXr »^IS0fl 2iCHA1 7h§ *l!27l£°! 3*!*?2! Sf»S tt«»BM 

Al S 1**321 PPT 7IB1 AiSS Si tJS ^§ S§8r2. 

-. Etfss ^521 erst* ^Ei5 asa«e ?>Ea *raa. 

-. 10na 0|o r 2| 2ffi8 r 3 OlAfltf £EI = Uk3EI±iTg 3*!*!°! 4= 2J3DI, 

-. SfWS SSSSS 371 9-£5tfl-SAi£ 

-. S3 &S! 4 2!= 2iD. 

ohseh U!x±7J2| °rXfS ««grtS3 r ««S 2*»32| 9301 2|« SSEJ01 J!§ HK f 

7i2j asa« a asms mat* £eis sots* 3*532! z.^o S «g V - a= »b* 
oisskm ersa ±x*s 

-. era© jot ass &>ca ui^xs asm- 4= an. 

-. ?IS ±A>W15HHIAd2| 7ldS| #71 M 3! EIEr2 0I#2| »£H 47J7H8NI 371 7I0TST 4 

21* 20IQ. 

M=m I. £EI5 SOT8S »aM 2401 AJ, 

Bffifl 715*101 Al-Si fef§aS S£813, 3 B*EI8K)1 t*3» U)M S5EIO) °!= Si SOT 

21 «mas oia si ?fXra(sss)§ asaaoiier ^siajss s«ai?is as as£M m= 
a seis sots «s»a. 

S^S 2. &EI5 715(10)21 ££15 if4FH*(12)S «Stf $ 3 *IW g^-gEI5 

§*miS &7fl; 

^71 S^-^£I5 fe^#(Hi 0^3(32)! MSSKfl ^EI5S OlS^QODtf CJS, g«2IOtl 2|«| 
S LKOfi S5EICH 21= Si SA>2| ^Ifflge DIAfl Si aSS(16)§ SSA17I^ B71; 

^71 si asa(i6)oi s^-^as «g*2i g«s» b- ^ztaijis oiai si ass© few&fe e 

71; 

3 4Q*KH □lAJtl' ^35 Uin3E|^&S ^^^2." ««8fe 2S ^S^S 

8?tt3. 3 2 «H 240IAI, 

^71 PPT7ia«S 6135 «S* r 7t Wti A>S*fe 2^ ©S, 

Al « SE= Al-Si SIS *S 0t 2* ^9£S *r= ^^2! *IEI* SfTJB «S@r8t. 

4. a2^IS»3««l SiCHAJ, 
&7| 3<*2| «S 91X101 £ EI5« 0IS?a*K>1 OIS^Q 9|Xf0IAi EJS 91 3 §01 

oi^oi nsa ois^aa 0^321 neaois^a 8tti 2a«f= a« asss s 
«!ai?j tfa5 o tna ^gg^a. 

SW 5. 3 3£H>| 210IAI, 

Al d iE= Al-Si «J3ftO|2| OIS?a5S0IA| ArS*fe SSS Si, Ar, He, N, Me S CHiz *H_f 0|# 
aW 6. a 3«M 2101A). 

Al-Si tt362! 3? Si HISS 10XOILH5 Sfe 2* iS25 *fe ^32! fiEIS S.OTS «SWB. 
aW 7. a 2 S.KH 210174. 

sj-s* moil ota esse s^sfe a»a bti s. sisss ai a7i«f3 ^a? as 

a7i*r= aii^^s oi h: t> 7i?;i <gmm oiss^ as ag^s shs s^siej iws ss» 
a. 

SW 8. ^EIE 7I5(20)S 0I84KM- n* S p+2| ±£±/Ea2!(21)S S«8 r 3. 3 91011 @tf£r 
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&2£M D^3i Mmm gZlSm 0I25S g 23 El (HI 2|*8 S LHOfl 

S5EI01 2i£ Si SXf2J UHHgS OlAfl Si S2AI?| = B*l; 

U7\ Si ^ ^2>A|?|I! DIAfl Si ^ggg y?fl*^ B?0: 

n gei? ukBEi^tr £g£+»eK24) a «oiM(2S)e ssskw ^di« 4A>g «i2*sh 

9. m *%W StOIAI. 
SZBSi 
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